Abstract: This study investigated the stability of mini-screws placed in the median palate. The study included 25 patients (7 males, 18 females; mean age, 23.4 ± 5.6 years; age range, 15.0-34.5 years) who had mini-screws placed during orthodontic treatment at Nihon University School of Dentistry Dental Hospital. Mini-screws (diameter, 2.0 mm; length, 9.0 mm) were placed in the median palatal region; the first screw was inserted mesiodistally at the distal contact of the maxillary first molar, and the second screw was placed 6-9 mm mesial to the first screw. Immediately after placement, the placement sites were carefully examined with cone-beam computed tomography and a Periotest device. Screw stability was not related to perforation of the nasal cavity, patient age, or patient sex. The success rate was significantly higher in patients with screw-suture distances of 1.5-2.7 mm than in those with distances of 0-1.4 mm. Moreover, mini-screws could be stabilized when palatal cortical bone thickness was ≥1.5 mm. The success rate was significantly higher in the group with insertion depths of ≥4.5 mm. These results indicate that primary stability of mini-screws requires sufficient cortical bone thickness, insertion depth, and screw-suture distance.
Introduction
Mini-screws are used widely for primary orthodontic anchorage (1) (2) (3) . They are placed in maxillary and mandibular buccal alveolar bone and are used to improve anchorage for space closure or molar intrusion in patients with open bite. To ensure stationary anchorage, miniscrews are usually inserted in alveolar bone, without incisions, in extraction cases and non-extraction cases. The screws are used during orthodontic treatment to improve orthodontic anchorage and ensure that teeth move predictably and without reciprocal movement. Those inserted into the median palate can be used to provide anchorage for full-arch distalization. This placement is advantageous, as screw reinsertion is unnecessary because they are not inserted into alveolar bone. Hence, mini-screws have been widely used to improve anchorage for molar intrusion in patients with open bite and for anterior tooth intrusion in patients with deep bite (1, (4) (5) (6) (7) . Plate-type devices can be used to provide anchorage for full-arch distalization, but the increased risk of complications due to the proximity of the maxillary sinus, and the need for an incision for insertion in mucous membrane (e.g., at the zygomatic alveolar crest), are burdensome for patients (8) . Recently, because of their minimal invasiveness, mini-screws rather than plate-type devices have been inserted in the midpalatal suture for molar distalization. However, orthodontic mini-screws placed in the palatal bone at the midpalatal suture have failed because of a lack of ossification (9) (10) (11) (12) .
Cortical bone quality and quantity are important factors in the primary stability of mini-screws, as such stability is achieved by mechanical retention rather than osseointegration (13) (14) (15) . Nienkemper et al. (16) found that orthodontic mini-screw stability depended mainly on mechanical maintenance, which should increase with insertion depth, because of the larger bone-to-implant contact area. Clinicians must avoid nearby anatomical structures, such as the nasal cavity, because nasal cavity perforation can cause infection (17, 18) . Therefore, sufficient topographical knowledge of the median palate regions and proper placement technique is desirable. Use of excessively long mini-screws increases the risk of nasal cavity perforation and related complications (19, 20) . Thus, clinicians must have sufficient tomographic knowledge of the midpalatal region before performing this procedure. Cone-beam computed tomography (CBCT) was recently reported to provide highly accurate and detailed information for analysis of bone adequacy and other potential complicating factors (21, 22) . In addition, the Periotest device (Medizintechnik Gulden, Bensheim, Germany) was developed to measure periodontal integration of teeth and the stiffness of the bone-implant interface. Inaba (23) used a Periotest device to evaluate the stability of mini-screws providing anchorage in orthodontic treatment. She showed that the Periotest value (PTV) was correlated strongly with the screw-bone contact state and concluded that the PTV was an appropriate index of screw stability.
This study investigated associations of screw stability with cortical bone thickness (CBT), soft-tissue thickness, distance between the median palatine suture and placement site (screw-suture distance), and presence of nasal cavity perforation. Associations with patient age and sex were also investigated. A Periotest device was used to measure mini-screw mobility, and CBCT was used for image-based diagnosis.
Materials and Methods
This study included 25 patients (7 males, 18 females; mean age, 23.4 ± 5.6 years; age range, 15.0-34.5 years) for whom mini-screws were placed in the median palate as orthodontic treatment at Nihon University School of Dentistry Dental Hospital. Orthodontic mini-screws (ISA; diameter, 2.0 mm; length, 9.0 mm; BIODENT, Tokyo, Japan) were used (Fig. 1) . This study was approved by the ethics committee of Nihon University School of Dentistry (no. 2016-16) , and all patients consented to participation before mini-screw placement.
Mini-screws were inserted in the median palatal region by clinicians with 7-8 years of experience in screw placement. After pre-drilling a pilot hole (diameter, 1.5 mm), the first (posterior) screw was inserted mesiodistally at the distal contact of the maxillary first molar, and the second (anterior) screw was placed 6-9 mm mesial to the first screw (Fig. 2) . The arm was connected to two screws via an attachment, and dynamic loads of 2-4 N were applied from a bent hook to the tip of the arm. Immediately after placement, PTV was recorded with the Periotest device. In accordance with the manufacturer's instructions, the Periotest handpieces were set parallel to the floor and perpendicular to the major axis of the screw. The handpieces were held without touching the sleeve and kept in a position that maintained a 0.7-2.0-mm space between the screw and handpiece tip. After screw placement, computerized tomographic images (3D Accuitomo; J. Morita, Kyoto, Japan) was performed with a voxel size of 0.125 × 0.125 × 0.125 mm in super-high-resolution mode, an X-ray tube voltage of 80 kV, and a current of 8.0 mA The sagittal cross-section was fixed parallel to palatal plane and the major axis of the screw. ①CBT, ②soft-tissue thickness, ③insertion depth for diagnostic imaging of the area around the sites. CBT, soft-tissue thickness, and screw-suture distance were measured, and nasal cavity perforation was evaluated by using three-dimensional viewing software (One Volume Viewer, ver. 1.6.1.13; J. Morita). Nasal cavity perforation was defined as a CBCT finding indicating that the tip of a mini-screw had perforated the nasal mucosa and reached the nasal cavity. Associations of these variables with mini-screw stability were investigated.
Sagittal CBCT cross-sections were defined as images parallel to the palatal plane in the palatal bone and to the major axis of the screw (Fig. 3) . Coronal cross-sections were set perpendicular to the sagittal plane and the major axis of the screw (Fig. 4) . CBT and soft-tissue thickness were measured at 1.2 mm mesial, distal, and lateral to the placement sites. The measurements were taken at four points, and the means for these points were calculated. A distance of 1.2 mm was used because it provides sufficient proximity to the mini-screw while avoiding artifacts on CBCT images.
Mini-screw failure was defined as natural loss or removal because of mobility. Success was defined as mini-screw retention for >6 months after placement. The Fisher exact test was used to compare the success rate of mini-screws in relation to placement site, nasal cavity perforation, age, and sex. The unpaired t-test was used to compare the success rate of mini-screws in relation to insertion depth, CBT, screw-suture distance, and softtissue thickness. Then, the Fisher exact test was used to examine the significance of differences in relation to screw-suture distance (≥1.5 vs. ≤1.5 mm), CBT, and insertion depth (≥4.5 mm vs. ≤4.5 mm). SPSS software (ver. 16.0; SPSS Japan, Tokyo, Japan) was used for all analyses. A P value of <0.05 was considered to indicate statistical significance. Table 1 shows success rates in relation to placement site, nasal cavity perforation, and patient age and sex. These variables had no significant effect on success rates (P > 0.05).
Results
Morphological data (i.e., CBT, screw-suture distance, insertion depth, soft-tissue thickness) and PTVs for the anterior and posterior palatal mini-screws are presented in Table 2 . PTVs were significantly greater for posterior than for anterior mini-screws (P = 0.042), but all values were within the range of −1 to 1, indicating rigid placement.
Morphological data and PTVs for the mini-screw success and failure groups are presented in Table 3 . The CBT and insertion depth were significantly greater in the success group than in the failure group (CBT, P = 0.008; insertion depth, P = 0.029).
The associations of success rate with screw-suture distance, CBT, and insertion depth are shown in Table  4 . The success rate was significantly higher for patients Fig. 4 The coronal cross-section was fixed perpendicular to the sagittal plane and the major axis of the screw. A: ①CBT, ②soft-tissue thickness, ④screw-suture distance B: ⑤nasal cavity perforation
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with screw-suture distances of 1.5-2.7 mm than for those with distances of 0-1.4 mm (P = 0.039). It was also significantly higher for those with a CBT ≥1.5 mm (P = 0.005) and for those with an insertion depth ≥4.5 mm (P = 0.003).
Discussion
Bone thickness and quality should be considered when determining the most suitable placement sites for miniscrews, because the stability of screws used in orthodontic treatment is supported by mechanical retention between the screw and bone. Cephalograms have been used to evaluate palatal bone height (10). However, Wehrbein et al. (10) reported that vertical bone support in the midsagittal region is at least 2 mm greater than that indicated on cephalograms. Thus, cephalographic evaluation of hard tissues, particularly fine anatomic structures, is difficult. CBCT was recently reported to provide highly accurate and detailed information on mini-screw placement sites (24-26). Mah et al. (27) reported that CBCT is more suitable than two-dimensional radiography for evaluation of palatal bone thickness around screw placement sites. CBCT satisfactorily visualizes complex anatomic structures and can be useful in imaging-based diagnosis of palatal bone conditions. In this study, CBCT was used to evaluate hard and soft tissues for determination of the most suitable mini-screw placement sites.
The Periotest device was developed to measure mechanical retention between bone and dental implants. Using PTVs obtained after placement, Shigeeda (28) found that mini-screws had greater mobility, which can result in failure regardless of root proximity. Inaba (23) reported a strong correlation between screw-bone contact state and PTV and concluded that PTV was an appropriate index of screw stability. In the present study, the Periotest device was used to measure mobility and evaluate screw stability.
Clinician skill and experience were significantly associated with success rate, namely, learning experience was positively associated with success rate, because clinicians were accustomed to the procedure for placing 92.6 *P < 0.05, **P < 0.01 mini-screws in the palate. Therefore, the present authors were able to maintain a stable success rate because miniscrews were inserted by experienced clinicians.
Mini-screw design and the quality and quantity of bone surrounding mini-screws have been investigated as factors in primary screw stability in orthodontic treatment. To identify the optimal sites for mini-screw placement in palatal bone, Marquezan et al. (29) used CBCT to measure CBT, total bone thickness, and soft-tissue thickness. Farnsworth et al. (30) examined associations of alveolar and palatal bone thickness with patient age, patient sex, and screw placement site and found that CBT affected screw stability. However, the relationship between screw stability and the quality of bone surrounding mini-screws is not clear. The present study investigated the associations among screw stability, CBT, soft-tissue thickness, screw-suture distance, and nasal cavity perforation, as well as the importance of patient age and sex. Miyawaki et al. (31) inserted mini-screws in 51 patients (mean age, 21.8 ± 1.8 years) and found that although the success rate was slightly lower in patients younger than 20 years (80%) than in those older than 20 years (85-88%), it did not significantly differ in relation to age. Hence, authors used an age cut-off of 20 years to analyze the present patients, like Miyawaki and colleagues, but observed no significant difference in success rate.
Six anterior and two posterior screws failed, but success rate did not significantly differ between anterior and posterior screws. This finding may be related to CBT, which was 1.92 ± 0.51 mm at anterior sites and 1.91 ± 0.42 mm at posterior sites. Similarly, nasal cavity perforation was not associated with screw stability, which suggests that bicortical insertion did not affect the primary stability of mini-screws. Furthermore, the success rate did not differ by sex. Sumer et al. (15) reported that palatal bone thickness, including that of cancellous bone, did not significantly differ between sexes. Moreover, Farnsworth et al. (30) reported that palatal CBT did not differ between males and females. Thus, present and past results are consistent.
Wilmes et al. (32) reported that CBT had an important effect on the primary stability of mini-screws. Motoyoshi et al. (33) reported that the difference in CBT between success and failure groups was 0.45 mm and that stability was greater in patients with a CBT >1.0 mm in buccal alveolar bone. However, the relationship of palatal bone thickness to screw stability is unclear. In the present study, a palatal CBT of ≥1.5 mm was associated with lower risk of mini-screw failure (P = 0.005).
Nienkemper et al. (16) used resonance frequency analysis, a Periotest device, and measurement of insertion torque to investigate the relationship between insertion depth and stability and concluded that screw stability increased with insertion depth. Tseng et al. (34) reported that mini-screw insertion depth was more important than mini-screw location or length. They recommended a depth of ≥6 mm in the bilateral anterior ramus but did not provide data for the median palate. In the present study, the success rate was significantly higher in patients with an insertion depth ≥4.5 mm (P = 0.005). Because the average thickness of bone surrounding mini-screws was 4.8 mm, this result suggests that screw stability increased when the mini-screw was almost entirely covered by bone. Accordingly, in the present study, stability was greater for mini-screws inserted to depths exceeding half the total screw length (4.5 mm). Existing evidence indicates that hard tissue such as CBT and bone thickness around mini-screws strongly influence primary stability. Therefore, significant differences are likely attributable to screw insertion depth rather than to soft-tissue thickness.
Insertion of mini-screws in the median palatine suture should be performed carefully because of the potential presence of areas of defective calcification or thicker bone. According to Baumgaertel (35) , palatal bone is thinner in the lateral region than in the central region. The present success rate was significantly higher in the group with greater screw-suture distances (1.5-2.7 mm) than in the group with distances of 0-1.4 mm. This suggests that mini-screw stability can be improved by placement at sites far from the median palatine suture, which would avoid areas of defective calcification. In addition, placement at a screw-suture distance of 1.5-2.7 mm would increase the likelihood that bone thickness is sufficient to sustain the mini-screw.
In conclusion, mini-screws were stable when palatal cortical bone was thick, screw-suture distance was ≥1.5 mm, and insertion depth was >4.5 mm (>50% of the total mini-screw length). These results indicate that sufficient CBT, deep insertion, and sufficient screw-suture distance are required for primary stability of mini-screws.
